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LIQUID CRYSTAL DISPLAY 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a liquid crystal display 
(LCD) and, more particularly, to a liquid crystal display in 
multiple alignment or MVA (multi-domain vertical alignment) 
mode in which liquid crystal molecules having negative 
dielectric anisotropy are aligned differently. 



Description of the Related Art 

Among a variety of flat panel displays , LCDs are regarded 
most promising displays that can replace CRTs . Further 
expansion of the market of LCDs is expected as a result of the 
application of them not only to display monitors of PCs ( personal 
computers), word processors and office automation equipment 
but also to display units of consumer (home) electric apparatuses 
such as wide screen televisions and portable small televisions . 

Presently, the most frequently used mode of display of 
LCDs is the normally white mode utilizing TN (twisted nematic) 
liquid crystals. Such an LCD has an electrode formed on each 
of surfaces of two glass substrate opposite to each other and 
horizontal alignment films formed on both of the electrodes. 
An alignment treatment is performed on the two horizontal 
alignment films in directions orthogonal to each other by means 
of rubbing or the like. On the outer surface of each of the 
substrates , there is provided a polarizer whose polarizing axis 
is aligned with the rubbing direction of the alignment film 
on the inner surface of the respective substrate. 

When nematic liquid crystals having positive dielectric 
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anisotropy are sealed between the substrates, liquid crystal 
molecules in contact with the alignment film are aligned in 
the rubbing direction. That is, the direction of alignment 
of the liquid crystal molecules in contact with the two alignment 
films are orthogonal to each other. As a result, the liquid 
crystal molecules between the two substrates are aligned in 
a direction perpendicular to the surfaces of the substrates 
with their directions of alignment sequentially rotated in 
planes in parallel with the substrate surfaces, and the liquid 
crystals are twisted between the substrate at an angle of 90 
deg. 

When light impinges upon the surface of one of the 
substrates of a TN- type LCD having the above-described structure , 
the polarizing direction of linearly polarized light which has 
passed through the polarizer on the substrate is rotated at 
an angle of 90 deg . along the twist of the liquid crystal molecules 
when it passes through the liquid crystal layer, and the light 
then passes through the polarizer on the other substrate which 
has a polarizing axis orthogonal to the polarizer on the first 
substrate . This makes it possible to provide display in a bright 
state when no voltage is applied (normally white mode). 

When a voltage is applied between the electrodes opposite 
to each other, the twist is eliminated because the longitudinal 
axes of the nematic liquid crystal molecules having positive 
dielectric anisotropy are aligned in a direction perpendicular 
to the substrate surfaces. The liquid crystal molecules do 
not exhibit birefringence (biref ringent anisotropy) against 
linearly polarized light incident upon the liquid crystal layer 
in such a state. Therefore, the incident light can not pass 
through the other polarizer because its polarizing direction 
is not changed. This makes it possible to provide display in 
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a dark state when a predetermined maximum voltage is applied. 
By removing the voltage, the display can be returned to the 
bright state because of an aligning force. The inclination 
of the liquid crystal molecules can be controlled by varying 
the applied voltage to vary the intensity of light transmitted 
by the other polarizer, which makes it possible to perform 
gray- scale display . 

Active matrix type TN TFT LCDs in which a TFT (thin film 
transistor) as a switching element for controlling a voltage 
applied between opposite electrodes is provided at each pixel 
are widely used in display monitors for PCs and portable 
televisions because of their low profiles, light weights and 
capability of allowing wide screens with high image quality. 
Techniques for manufacturing TN-type TFT LCDs have advanced 
dramatically in recent years, and they have become better than 
CRTs in terms of contrast and color reproducibility as viewed 
in front of the screen. However, TN-type TFT LCDs have a serious 
problem in that their viewing angles are small. In particular, 
the viewing angles are small in the vertical panel viewing 
directions. In one of the viewing direction, luminance in the 
dark state increases to show an image that is undesirably whitish. 
In the other direction, the display becomes too dark in general, 
and luminance inversion of an image occurs in halftones. This 
is the most serious problem of TN-type LCDs. 

An LCD which has solved such a problem in the viewing 
angle characteristics of TN-type LCDs is the MVA-LCD disclosed 
in Japanese patent No. 2947350. Referring now to an example 
of the MVA-LCD, an electrode is first formed on each of opposite 
surfaces of two substrates facing each other at a predetermined 
interval. Vertical alignment films are formed on both of the 
electrodes, and liquid crystals having negative dielectric 
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anisotropy are sealed between the two vertical alignment films . 
A plurality of linear protrusions made of an insulator are 
periodically formed between the electrodes on the substrates 
and the vertical alignment films . The linear protrusions facing 
each other between the two substrates are offset from each other 
by an amount equivalent to one half of their pitch as viewed 
in the normal direction of the substrate surfaces. The linear 
protrusions are used for alignment control to separate liquid 
crystals in a pixel region in a plurality of directions of 
alignment. The separation of alignment can be also achieved 
by providing slits on the electrodes instead of the linear 
protrusions . 

Two polarizers whose polarizing axes are orthogonal to 
each other are provided on the outer surfaces of the two 
substrates. The mounting direction of the polarizers is 
adjusted such that the direction of the longitudinal axes of 
liquid crystal molecules which are tilted on the display surface 
of the substrates in response to application of a voltage are 
substantially at an angle of 4 5 deg. to the polarizing directions 
of the polarizers as viewed in the normal direction of the 
substrate surfaces . 

When nematic liquid crystals having negative dielectric 
anisotopic properties are sealed between the substrates, the 
longitudinal axes of the liquid crystals are aligned in a 
direction perpendicular to the surface of the vertical alinment 
layers . As a result , liquid crystal molecules on the substrate 
surfaces are aligned perpendicularly, and liquid crystal 
molecules on tilted surfaces of the linear protrusions are 
aligned at an angle to the substrate surfaces. 

When light impinges upon one of the substrates with no 
voltage applied between the two electrodes of the MVA-LCD having 
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the above -described structure, linearly polarized light that 
has passed through the one of the polarizers to enter the liquid 
crystal layer travels along the longitudinal axes of the 
perpendicularly aligned liquid crystal molecules. The 
incident light travels with no change in the polarizing direction 
because no birefringence occurs in the direction of the 
longitudinal axes of the liquid crystal molecules and are 
absorbed by the other polarizer which has a polarizing axis 
orthogonal to the first polarizer. This makes it possible to 
provide display in the dark state (normally black mode) when 
no voltage is applied. 

When a voltage is applied between the opposite electrodes , 
the longitudinal axes of the liquid crystal molecules are aligned 
in parallel with the substrate surfaces with the direction of 
alignment of the liquid crystal molecules on the substrate 
surfaces regulated in accordance with the direction of alignment 
of the liquid crystal molecules which are tilted in advance 
by the linear protrusions . 

The liquid crystal molecules exhibit birefringent 
properties against light which enters the liquid crystal layer 
in this state , and the polarization of the incident light changes 
in accordance with the inclination of the liquid crystal 
molecules . Light which passes through the liquid crystal layer 
while the application of a predetermined maximum voltage becomes 
linearly polarized light with a polarizing direction rotated, 
for example, at an angle of 90 deg, and it can therefore be 
transmitted by the other polarizer to provide display in the 
bright state. The display can be returned to the dark state 
by an action of an aligning force, when the voltage is removed. 
The inclination of the liquid crystal molecules can be controlled 
by varying the applied voltage to vary the intensity of the 
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light transmitted by the second polarizer, which makes it 
possible to perform gray- scale display. 

In an active matrix type MVA TFT LCD having a TFT formed 
at each pixel, the direction of alignment of the liquid crystals 
in a pixel can be separated into a plurality of direction. This 
makes it possible to achieve a quite large viewing angle and 
high contrast compared to those of TN-type TFT LCDs. Since 
no rubbing process is required, the manufacturing steps can 
be simplified with an increase in the yield of manufacture. 

However, conventional MVA type TFT LCDs are still to be 
improved in terms of the response time of display. Specifically, 
although they can achieve a high speed response when display 
is turned to black again after a change from black display to 
white display, they are somewhat inferior to TN-type TFT LCDs 
in terms of response time during a change from a certain halftone 
to another halftone. 

Further, conventional MVA type TFT LCDs have optical 
transmittance which is about twice that of lateral field type 
IPS (In-plane switching) wide viewing angle LCDs but is not 
as good as that of TN-type TFT LCDs. 

As described above, while MVA TFT LCDs have solved the 
problems with conventional LCDs in terms of the viewing angle, 
contrast and response time in displaying black, white and then 
black again, they are not still as good as conventional TN-type 
LCDs in terms of response time in displaying halftones and 
transmittance . 

A description will now be made with reference to Figs . 
42A through 43C on reasons why the response of conventional 
MVA LCDs to halftones is slower than that of conventional TN-type 
LCDs. Figs. 42A through 42C show schematic configurations of 
sections of an MVA LCD panel taken along in a direction 
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perpendicular to the substrate surfaces thereof . Fig . 42A shows 
the alignment of the liquid crystals when no voltage is applied, 
and Fig. 42B shows the alignment of the liquid crystals when 
a voltage is applied. Fig. 42C is a conceptual diagram showing 
a state of alignment control. Figs. 43A through 43C show 
schematic configurations of sections of a TN-type LCD panel 
taken along a direction perpendicular to the substrate surfaces . 
Fig. 43A shows the alignment of the liquid crystals when no 
voltage is applied, and Fig. 43B shows the alignment of the 
liquid crystals when a voltage is applied. Fig. 43C is a 
conceptual diagram showing a state of alignment control. 

A TN-type LCD 100 will be first described with reference 
to Figs. 43A through 43C . As shown in Fig . 43A, liquid crystals 
102 of the TN-type LCD 100 are aligned at a twist of 90 deg. 
between an electrode 108 on an upper substrate 104 and an 
electrode 110 on a lower substrate 106 provided opposite to 
each other (alignment films on both of them are not shown) when 
not voltage is applied. When a voltage is applied between the 
electrodes 108 and 110, as shown in Fig. 43B, the liquid crystal 
molecules erect on the substrates 104 and 106 substantially 
perpendicularly thereto, which removes the twist. VThen the 
application of the voltage is stopped, the liquid crystal 
molecules rotate in a direction substantially in parallel with 
the surfaces of the substrates 104 and 106 to be in the twisted 
alignment again. As thus described, in the case of the TN-type 
LCD 100, it can be thought not only that the alignment of liquid 
crystal molecules in the vicinity of interfaces of the electrodes 
108 and 110 to the alignment films (not shown) is controlled 
by a regulating force of the alignment films as indicated by 
the shaded part 112 in Fig. 43C but also that a twisted alignment 
achieved by adding a chiral agent or the like alignment control 
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is achieved to some degree even on liquid crystal molecules 
located in the middle of the liquid crystal layer 102. 

As shown in Fig. 42A, liquid crystal molecules except 
those located in the vicinity of linear protrusions 126, 128 
and 130 among liquid crystals 124 of an MVA LCD 114 are aligned 
substantially perpendicularly to substrate surfaces between 
an electrode 120 on an upper substrate 116 and an electrode 
122 on a lower substrate 122 (alignment films on both of the 
substrates are not shown) which are provided opposite to each 
other when no voltage is applied. Liquid crystal molecules 
in the vicinity of the linear protrusions 126 through 130 are 
aligned substantially perpendicularly to the surfaces of the 
alignment films which are not shown on inclined surfaces of 
the protrusions and are inclines relative to the surfaces of 
the substrates. When a voltage is applied between the 
electrodes 120 and 122, as shown in Fig. 42B, tilting of liquid 
crystals sequentially propagates in the tilting direction of 
the liquid crystal molecules in the vicinity of the linear 
protrusions 126 through 130 for regulating alignment. As a 
result, liquid crystal molecules in the middle of the region 
or gap between one linear protrusion and another linear 
protrusion are tilted with a time lag. Especially, the speed 
of propagation of the tilting of liquid crystal molecules are 
low in the case of a change from black to a dark halftone because 
the amount of the change in the applied voltage is small and 
the change in the strength of electric fields in the liquid 
crystals is therefore also small. 

The tilting directions of the liquid crystal molecules 
located between the gaps between the linear protrusions 126 
through 130 are not defined unless the tilting directions are 
propagated from the linear protrusions 126 through 130. That 
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is, the alignment of the liquid crystals in the MVA LCD is 
regulated only by distortion of electric fields in the vicinity 
of interfaces of the substrate surfaces to the alignment films 
on which a regulating force of the alignment films acts, on 
the alignment films on the linear protrusions 126 through 130 
and in the vicinity of the same, as indicated by the shaded 
part 132 in Fig. 42C. The crystal alignment in other regions 
is controlled only indirectly. 

The response time can be shortened even in the 
conventional MVA structure by reducing the distance of the gaps 
(pitch) between the linear projections on the upper and lower 
substrates , As described above , however , the tilting direction 
of liquid crystals of a normal MVA LCD is defined by inclined 
surfaces of protrusions made of an insulator. Therefore, the 
inclined regions must have a certain width, length and height. 
This places some limit on the reduction of the pitch of the 
upper and lower protrusions . 

Fig. 44 shows the alignment of the liquid crystal 
molecules in the MVA LCD shown in Figs. 42A through 42C when 
a voltage is applied as viewed from the lower substrate 118. 
The upper and lower protrusions 126 and 128 among the three 
linear protrusions 126 through 130 extending in the lateral 
direction of the figure are formed on the lower substrate 118, 
and the protrusion 130 in the middle is formed on the upper 
substrate 116. 

As shown in Fig. 44, the alignment of the liquid crystal 
molecules which are aligned substantially perpendicularly to 
the surfaces of the substrates 116 and 118 when no voltage is 
applied is separated into an alignment region A in which they 
are aligned in the direction from the linear protrusion 130 
on the upper substrate 116 toward the linear protrusion 128 
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on the lower substrate 118 (the direction of upwardly leaving 
the plane of the drawing) and an alignment region B in which 
they are aligned in the direction from the linear protrusion 
130 toward the linear protrusion 126 on the lower substrate 
118 (the direction of downwardly leaving the plane of the 
drawing) . 

Specifically, when a voltage is applied, alignment 
separation is performed on the liquid crystal molecules in the 
alignment regions A and B which are adjacent to each other with 
the linear protrusion 130 interposed therebetween such that 
the direction of the longitudinal axes of the liquid crystals 
in the alignment region A is substantially at an angle of +90 
deg. to the linear protrusion 130 and such that the direction 
of the longitudinal axes of the liquid crystals in the alignment 
region B is substantially at an angle of -90 deg. to the linear 
protrusion 130. Liquid crystal molecules in the vicinity of 
the tops of the linear protrusions 126 through 130 are tilted 
in the extending direction of the protrusions when a voltage 
is applied and are aligned in a direction of alignment of about 
0 or 180 deg. to (in parallel with) the linear protrusions 126 
through 130. 

As thus described, when a voltage is applied, the 
direction of alignment of the liquid crystal molecules in the 
display regions on the substrates 116 and 118 is rotated at 
an angle of 90 deg. to the direction of alignment of the liquid 
crystal molecules in the vicinity of the tops of the linear 
protrusions 126 through 130 (that is about 0 or 180 deg. to 
the linear protrusions 126 through 130). Therefore, liquid 
crystal molecules are arranged on both sides the inclined 
surfaces of the linear protrusions 126 through 130 in a direction 
of alignment of 45 deg. to the linear protrusions 126 through 
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130, as shown in Fig. 44. Meanwhile, the polarizing axes P 
and A of the polarizers indicated by two arrows orthogonal to 
each other in the figure are at inclined at 45 deg. relative 
to the direction of alignment of the liquid crystal molecules 
in the display regions A and B on the substrates 116 and 118. 

Therefore, the direction of alignment of the liquid 
crystal molecules aligned in the direction of 45 deg. to the 
linear protrusions 126 through 130 are parallel and 
perpendicular to the polarizing directions of the polarizing 
axes P and A of the polarizers, respectively. As a result, 
two dark lines (disclination lines) 140 and 142 are generated 
on both sides of the inclined surfaces of the linear protrusions 
126 through 130 as indicated by the broken lines in the figure. 
The two dark lines 140 and 142 are formed each of intervals 
between first singular points (indicated by ( + 1) in the figure) 
and second singular points (indicated by (-1) in the figure) 
in alignment vector fields formed on the linear protrusions 
126 through 130. The longitudinal axes of the liquid crystal 
molecules are substantially directed toward the same point in 
the first singular points (+1) , and a part of the liquid crystal 
molecules are aligned in a different direction at the second 
singular points. 

When it is attempted to shorten the response of such a 
conventional MVA LCD to halftones by reducing the pitch of the 
upper and lower protrusions to form the protrusions with an 
increased density, an increase occurs not only in the area 
occupied by the protrusions in the pixel region but also in 
the density of the formation of the two dark lines 140 and 142 
formed on both sides of the protrusions, which results in a 
reduction of transmittance at a degree that can not be ignored. 
Therefore , a problem arises in that a reduction of transmittance 
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occurs when the density of the linear protrusions are formed 
in an increased density to improve the response characteristics 
of the liquid crystals. As thus described, the structure of 
a conventional MVA LCD has a problem in that an improvement 
of the response characteristics of the liquid crystals and an 
improvement of transmittance are in the relationship of 
trade-off . 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a liquid crystal 
display whose response characteristics are improved while 
suppressing the reduction in transmittance. 

The above -described object is achieved by a liquid crystal 
display having two substrates facing each other with a 
predetermined gap therebetween, an electrode formed on each 
of surfaces of the two substrates facing each other, vertical 
alignment films formed on the electrodes and liquid crystals 
having negative dielectric anisotropy sealed in the gap, 
characterized in that it comprises a singular point control 
portion for performing control such that a singular point of 
a director of the liquid crystals is formed in a predetermined 
position when a voltage is applied between the electrodes and 
in that alignment of the liquid crystals is controlled using 
at least the singular point thus formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration of a liquid crystal panel in 
which electrodes and vertical alignment films are formed on 
surfaces facing each other and in which liquid crystals having 
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negative dielectric anisotropy are sealed between two vertical 
alignment films for explaining an operation of a liquid crystal 
display according to a first mode for carrying out the invention ; 

Fig. 2 is an illustration of the liquid crystal display 
according to the first mode for carrying out the invention as 
viewed in the direction of the normal line of a surface of a 
substrate thereof for explaining a method for controlling 
separation of alignment; 

Figs . 3A through 3C are illustrations of states of the 
liquid crystal display according to the first mode for carrying 
out the invention in a sectional direction for explaining a 
method for controlling separation of alignment; 

Fig . 4 is a schematic diagram showing an example of control 
elements for forming a first singular point (s = +1) in the 
direction of the substrate surfaces in the case of four separate 
alignments according to the first mode for carrying out the 
invention; 

Fig. 5 is a schematic diagram showing another example 
of control elements for forming a first singular point (s = 
+ 1 ) as viewed in the direction of the normal line of the substrate 
surfaces in the case of four separate alignments according to 
the first mode for carrying out the invention; 

Fig. 6 is a schematic diagram showing still another 
example of control elements for forming a first singular point 
(s = +1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 7 is a schematic diagram showing still another 
example of control elements for forming a first singular point 
(s = +1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
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according to the first mode for carrying out the invention; 

Fig. 8 is a schematic diagram showing still another 
example of control elements for forming a first singular point 
(s = +1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 9 is a schematic diagram showing still another 
example of control elements for forming a first singular point 
(s = +1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 10 is a schematic diagram showing still another 
example of control elements for forming a first singular point 
(s = +1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 11 is a schematic diagram showing still another 
example of control elements for forming a first singular point 
(s = +1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 12 is a schematic diagram showing still another 
example of control elements for forming a first singular point 
(s = +1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 13 is a schematic diagram showing an example of 
control elements for forming a second singular point (s = -1) 
as viewed in the direction of the normal line of the substrate 
surfaces in the case of four separate alignments according to 
the first mode for carrying out the invention; 
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Fig. 14 is a schematic diagram showing another example 
of control elements for forming a second singular point (s = 
- 1 ) as viewed in the direction of the normal line of the substrate 
surfaces in the case of four separate alignments according to 
the first mode for carrying out the inventions- 
Fig. 15 is a schematic diagram showing still another 
example of control elements for forming a second singular point 
(s = -1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 16 is a schematic diagram showing still another 
example of control elements for forming a second singular point 
(s = -1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 17 is a schematic diagram showing still another 
example of control elements for forming a second singular point 
(s = -1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 18 is a schematic diagram showing still another 
example of control elements for forming a second singular point 
(s = -1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Fig. 19 is a schematic diagram showing still another 
example of control elements for forming a second singular point 
(s = -1) as viewed in the direction of the normal line of the 
substrate surfaces in the case of four separate alignments 
according to the first mode for carrying out the invention; 

Figs. 20A and 20B are illustrations of an example of a 
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state of alignment of liquid crystal molecules in the vicinity 
of a first singular point (s = +1); 

Fig. 21 is a schematic illustration of a part of a liquid 
crystal display as Embodiment 1 in the first mode for carrying 
out the invention as viewed in the direction of the normal line 
of a surface of a substrate thereof; 

Fig. 22 is a diagram showing the relationship between 
a protruding height of grid- shaped structures 50 and 52 used 
in Embodiment 1 in the first mode for carrying out the invention 
and transmittance against white; 

Fig. 23 is a diagram showing T-V characteristics of the 
liquid crystal display of Embodiment 1 in the first mode for 
carrying out the invention; 

Fig. 24 is a diagram showing response characteristics 
of the liquid crystal display of Embodiment 1 in the first mode 
for carrying out the invention; 

Fig. 25 is a schematic view of a section of a part of 
a liquid crystal display as Embodiment 2 in the first mode for 
carrying out the invention; 

Fig. 26 is a diagram showing response characteristics 
of the liquid crystal display of the Embodiment 2 in the first 
mode for carrying out the invention; 

Fig. 27 is a schematic illustration of a part of a liquid 
crystal display as Embodiment 3 in the first mode for carrying 
out the invention as viewed in the direction of the normal line 
of a surface of a substrate thereof; 

Fig. 28 is an illustration of an after-image phenomenon 
that occurs in conventional MVA LCD for explaining a second 
mode for carrying out the invention; 

Figs. 29A through 29C are illustrations of a singular 
Point forming portion 150 proposed in Japanese patent 
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application No. Hll- 229249 for explaining the second mode for 
carrying out the invention; 

Fig. 30 is an illustration showing one pixel region of 
the conventional MVA type TFT LCD shown in Figs. 29A through 
29C as viewed from the side of an upper substrate 116 thereof 
and showing the neighborhood of the same; 

Fig . 31 is a modification of Fig . 30 in which the substrate 
structure is omitted to show only first and second singular 
points, the alignment of liquid crystal molecules 6 and two 
dark lines 140 and 142; 

Figs. 32A and 32B are illustrations for explaining 
distortion of electric fields at edges of a pixel electrode 
122; 

Figs. 33A and 33B are illustrations for explaining 
distortion of electric fields at edges of bus lines 152 and 
154; 

Fig. 34 is an illustration showing a state of alignment 
of liquid crystal molecules 6 in the vicinity of bus lines 152 
and 154 between adjoining pixel electrodes 122; 

Fig. 35 is an illustration that explains a principle for 
achieving stable alignment in a liquid crystal display in the 
second mode for carrying out the invention; 

Fig. 36 is a schematic illustration of a part of a liquid 
crystal display as Embodiment 1 in the second mode for carrying 
out the invention as viewed in the direction of the normal line 
of a surface of a substrate thereof; 

Figs. 37A through 37E are illustrations showing a 
schematic configuration of a liquid crystal display as 
Embodiment 2 in the second mode for carrying out the invention; 

Fig. 38 is a schematic illustration of a part of a liquid 
crystal display as Embodiment 3 in the second mode for carrying 
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out the invention as viewed in the direction of the normal line 
of a surface of a substrate thereof; 

Fig. 39 is a schematic illustration of a part of a liquid 
crystal display as Embodiment 4 in the second mode for carrying 
out the invention as viewed in the direction of the normal line 
of a surface of a substrate thereof; 

Fig. 40 is a schematic illustration of a part of a liquid 
crystal display as Embodiment 5 in the second mode for carrying 
out the invention as viewed in the direction of the normal line 
of a surface of a substrate thereof; 

Fig. 41 is a schematic illustration of a part of a liquid 
crystal display as Embodiment 6 in the second mode for carrying 
out the invention as viewed in the direction of the normal line 
of a surface of a substrate thereof; 

Figs. 42A through 42C are illustrations for explaining 
a reason of the fact that the response of a conventional MVA 
LCD to halftones are slower than that of a conventional TN-type 
LCD; 

Figs. 43A through 43C are illustrations for explaining 
a reason of the fact that the response of a conventional MVA 
LCD to halftones are slower than that of a conventional TN-type 
LCD ; and 

Fig. 44 is an illustration showing a state of alignment 
of liquid crystal molecules of the MVA LCD shown in Figs. 42A 
through 42C when a voltage is applied as viewed from the side 
of a lower substrate 118 thereof. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[First Mode for Carrying Out the Invention] 

A liquid crystal display in a first mode for carrying 



18 



out the invention will now be described with reference to Figs . 
1 through 27. Fig. 1 shows a liquid crystal panel in which 
electrodes and vertical alignment films 200 are formed on 
surfaces facing each other and in which liquid crystals having 
negative dielectric anisotropy are sealed between the two 
vertical alignment films, as viewed from the side of one of 
panel surfaces thereof. No rubbing process is provided on the 
vertical alignment films 200, and no linear protrusion or the 
like is formed on the same. The inventors closely observed 
the behavior of liquid crystal molecules 202 while applying 
a voltage to the opposite electrodes of the liquid crystal panel 
shown in Fig. 1 to apply a longitudinal electric field and 
consequently found that certain conditions must be met to 
stabilize the alignment of the liquid crystal molecules 202. 

As shown in Fig. 1, when a longitudinal electric field 
is applied to the liquid crystals having negative dielectric 
anisotropy using vertical alignment films 200 on which no rubbing 
process is provided, a great number of singular points (indicated 
by +1 or -1 in the figure) are generated in a liquid crystal 
alignment vector field when the liquid crystals 202 are inclined . 
While the singular points are generated at random positions, 
adjoining singular points connected by a single disclination 
line 204 have opposite signs (+1 or -1), and a first singular 
point and a second singular point as described above are formed 
adjacent to each other. The sxim of the signs of first and second 
singular points in an alignment film is substantially 0. That 
is, substantially the same number of first and second singular 
points are formed. 

Japanese patent application No. Hll- 229249 filed by the 
present applicants has proposed an MVA LCD in which the alignment 
of liquid crystals is regulated by an oblique electric field 
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provided by inclined surfaces of linear protrusions made of 
an isolator or slits and in which singular points are constricted 
on the linear protrusions or slits to provide preferable display • 
According to this proposal, quality of display can be improved 
by preventing formation of singular points on display regions 
between the linear protrusions . However , since singular points 
are aligned on the linear protrusions, as shown in Fig. 44, 
the singular points are connected to each other by two dark 
lines (disclination lines) on both sides of the linear 
protrusions • Further , while control can be performed to prevent 
singular points entering the display regions in the gaps between 
the linear protrusions according to the above proposal, the 
positions of singular points formed on the linear protrusions 
are not controlled. Furthermore, the above proposal is not 
different from the conventional alignment separation control 
methods at all in that liquid crystal molecules are aligned 
utilizing distortions of electric fields caused by structures 
in the form of protrusions or slits. 

On the contrary, the liquid crystal display in the present 
mode for carrying out the invention employs a novel method for 
alignment separation control which has been conceived based 
on results of the above -described observation of the behavior 
of liquid crystal molecules and the formation of singular points 
when a voltage is applied . The method for controlling alignment 
separation in the present mode for carrying out the invention 
is characterized in that control over the direction of alignment 
of liquid crystal molecules is achieved by controlling the 
positions where singular points are formed and in that distortion 
of electric fields is used only for controlling the positions 
where singular points are formed. 

The method for controlling alignment separation in the 
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present mode for carrying out the invention will be described 
with reference to Fig. 2 and Figs. 3A through 3C. Fig. 2 shows 
a state of the liquid crystal display as viewed in the direction 
of the normal line of the surface of one of substrates thereof. 
Figs. 3A through 3C show states of a major part as viewed on 
sections taken along lines A-A, B-B and C-C in Fig. 2, 
respectively . 

As shown in Figs . 2 through 3C, the liquid crystal display 
has a lower substrate 20 and an upper substrate 22 facing each 
other with a predetermined gap therebetween, electrodes 16 and 
18 respectively formed on surfaces of the lower substrate 20 
and upper substrate 22 which face each other, vertical alignment 
films 2 and 4 formed on the electrodes 16 and 18 facing each 
other and liquid crystals 14 having negative dielectric 
anisotropy sealed between the lower substrate 20 and upper 
substrate 22. It further has structures 8, 10a, 10b, 10c and 
lOd in the form of protrusions formed in a repetitive pattern 
on the surfaces of the substrates as a singular point controlling 
portion for controlling singular points in an alignment vector 
field of the liquid crystals 14 such that they are formed in 
predetermined positions when a voltage is applied between the 
electrodes 16 and 18. 

The protruding structure 8 is formed on the electrode 
16 on the lower substrate 20, and the top of the protruding 
structure is covered by the vertical alignment film 2. While 
the protruding structure 8 is preferably in a configuration 
like a square pole with a small height, it may have a different 
configuration similar to the same. The protruding structures 
10a, 10b, 10c and lOd are formed on the electrode 18 on the 
upper substrate 22 such that they surround the protruding 
structure 8 at a predetermined interval (pitch) . The top of 
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the protruding structures 10a through lOd is covered by the 
vertical alignment film 4. Each of the protruding structures 
10a through lOd having a predetermined height has a cross -shaped 
configuration when vied from the side of the substrate surface 
as shown in Fig. 2. The protruding structures 10a through lOd 
are provided adjacent to each other such that the ends of the 
crosses face each other at a predetermined interval. Liquid 
crystal display regions are formed between the protruding 
structures 10a through lOd and the protruding structures 8 
surrounded by the same. 

When a voltage is applied between the electrodes 16 and 
18 of the liquid crystal display having such a configuration, 
the electric fields applied to the liquid crystals 14 are 
distorted by the protruding structures 8 and 10a through lOd 
as indicated by the broken lines in Figs. 3A through 3C. The 
alignment of liquid crystal molecules 6 on the protruding 
structures 8 and 10a through lOd and in the vicinity thereof 
is regulated by the distortion of the electric fields. First 
singular points (indicated by +1) are formed in the middle of 
the protruding structures 8 and 10a through lOd, and second 
singular points (indicated by -1) are formed at the ends of 
the protruding structures 10a through lOd in the form of crosses . 

Therefore, as apparent from Fig. 2, the first singular 
points and second singular points are formed adjacent to each 
other in the lateral and vertical directions of the figure and 
are formed in substantially the same quantity. It is therefore 
possible to achieve quite stable alignment which satisfies the 
conditions for stable alignment of liquid crystal molecules 
described with reference to Fig. 1. Further, as shown in Fig. 
2, the protruding structures 8 and 10a through lOd as alignment 
control portions control the alignment of liquid crystals such 



22 



that the directions of the longitudinal axes of liquid crystal 
molecules in liquid crystal domains adjacent to each other 
located on both sides of an imaginary straight line connecting 
a first singular point and a second singular point are at an 
angle of 4 5 deg. to the imaginary straight line when the voltage 
is applied. Therefore, each of the liquid crystal display 
regions between the protruding structures 10a through lOd and 
the protruding structure 8 surrounded thereby is separated into 
alignment regions A, B, C and D having four different directions 
of alignment, as shown in Fig^ 2. 

The positions where singular points are formed are 
controlled using the singular point control portions (the 
protruding structures 8 and 10a through lOd in the present 
example) such that the directions of alignment of the 
longitudinal axes of the liquid crystal molecules 6 in the 
alignment regions A, B, C and D are substantially at an angle 
of 45 deg. to the polarizing axes of two polarizers (not shown) 
having polarizing axes orthogonal to each other as viewed in 
the normal direction of the surfaces of the substrates 20 and 
22 when the voltage is applied . This makes it possible to achieve 
a quite large viewing angle and contrast ratio. 

Further, while two dark lines have been formed on both 
sides of a linear protrusion according to the prior art, only 
one dark line (indicated by reference numerals 12a through 12f 
in Fig. 2) is formed for each of an imaginary straight line 
as described above when the singular point control portions 
in the present mode for carrying out the invention are used. 
Only one of the dark lines 12a through 12f is formed in each 
boundary for alignment separation, and the reduction of 
transmittance at the boundaries for separation can be reduced 
to about one half of that in conventional MVA LCD because the 
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singular point control portions suppress expansion of the width 
of each dark line by distorting an electric field in a direction 
orthogonal to the imaginary straight line when the voltage is 
applied. Any reduction of transmittance can therefore be 
avoided even when structures acting as singular point control 
portions are provided in pixel regions at a density higher than 
that of conventional linear protrusions or the like for 
regulating alignment. This makes it possible to form singular 
points at reduced intervals by providing a greater number of 
structures , thereby allowing response at a higher speed to slight 
tone changes of halftones. 

As thus described, the present mode for carrying out the 
invention makes it possible to achieve high speed response of 
liquid crystals while suppressing any reduction of 
transmittance by providing the singular point control portions 
in a higher density. When the singular point control portions 
are provided in a density similar to that of conventional linear 
protrusions for regulating alignment, transmittance can be 
significantly improved compared to the prior art. 

Liquid crystal molecules 6 on the protruding structures 
formed on the substrates are preferably sufficiently inclined 
when a voltage is applied to allow singular points to be easily 
formed. For this reason, the height of the protruding 
structures may be smaller than the height of conventional linear 
protrusions or the like for regulating alignment. 

The above-described configurations the protruding 
structures 8 and 10a through lOd as singular point control 
portions are merely examples , and elements for controlling the 
positions of singular points acting as singular point control 
portions may be in various configurations. Figs. 4 through 
12 are schematic views of examples of control elements for 
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forming first singular points ( s = +1 ) in the case of four separate 
alignments as viewed in the direction of the normal line of 
the substrates. Fig. 4 shows a protruding structure 30 made 
of an insulator in the form of a quadrangular pyramid. By 
providing the quadrangular pyramid such that its bottom is 
located on the surface of at least either the lower substrate 
20 or upper substrate 22 , it is possible to incline liquid crystal 
molecules 6 in the vicinity of the inclined surfaces of the 
quadrangular pyramid in a direction perpendicular to the 
inclined surfaces, thereby forming a first singular point in 
the middle of the protruding structure 30 as viewed in the 
direction of the normal line of the substrate surface. 

Fig. 5 shows a protruding structure 31 made of a conductor 
in the form of a quadrangular pyramid. By providing it such 
that the bottom of the quadrangular pyramid is located on the 
surface of at least either the lower substrate 22 or upper 
substrate 22 , it is possible to incline liquid crystal molecules 
6 in the vicinity of the inclined surfaces of the quadrangular 
pyramid in a direction in parallel with the inclined surfaces, 
thereby forming a first singular point in the middle of the 
protruding structure 31 as viewed in the direction of the normal 
line of the substrate surface. 

Instead of protruding structures as element for 
controlling the position of a singular point. Fig. 6 shows a 
square region 32 in either of the electrode surfaces of the 
electrodes 16 and 18 provided on the lower substrate 20 and 
upper substrate 22 where no transparent electrode material (e.g. , 
ITO (indium tin oxide) ) is formed (hereinafter, similar features 
are referred to as "non-electrode region"). A first singular 
point is formed in the middle of the non-electrode region 32 
as viewed in the direction of the normal line of the substrate 
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surface, and this region has the same function as that of the 
protruding structure 30 shown in Fig. 4, 

Fig. 7 shows four non-electrode regions 33a through 33d 
formed in the four corners of a square in either of the electrode 
surfaces of the electrodes 16 and 18 provided on the lower 
substrate 20 and upper substrate 22 , as elements for controlling 
the position of a singular point. Each of the non-electrode 
regions 33a through 33d are in the form of a square. A first 
singular point is formed in the middle of a square whose corners 
are the non-electrode regions 33a through 33d as viewed in the 
direction of the normal line of the substrate surface. 

A protruding structure 34 shown in Fig. 8 has a cross-like 
configuration similarly to the protruding structures 10a 
through lOd shown in Fig. 2 and is provided on the surface of 
at least either the lower substrate 20 or upper substrate 22. 
While the protruding structures 10a through lOd are formed from 
an insulator, the protruding structure 34 may be formed from 
a conductor instead of being limited to the insulator. The 
electrode on the substrate may be patterned into the protruding 
structure 34. A first singular point is formed in the middle 
of the cross of the protruding structure 34 and, when the 
protruding structure 34 is a conductor or electrode, liquid 
crystal molecules 6 are aligned in the direction opposite to 
the direction in the case of an insulator (the directions are 
substantially symmetric about the normal line of the substrate 
surface that pass through the center of the liquid crystal 
molecules ) . 

Instead of protruding structures as elements for 
controlling the positions of singular points. Fig. 9 shows a 
non-electrode region 35 in the form of a cross in the surface 
of at least either of the electrodes 16 and 18 provided on the 
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lower substrate 20 and upper substrate 22. A first singular 
point is formed in the middle of the cross of the non-electrode 
region 35 as viewed in the direction of the normal line of the 
substrate surface . 

Fig. 10 shows a protruding structure 36 formed by four 
protruding structures 30 made of an insulator in the form of 
a quadrangular pyramid as shown in Fig. 4 which are tightly 
concentrated. By disposing it such that the bottom of each 
quadrangular pyramid is located on the surface of at least either 
the lower substrate 20 or upper substrate 22, liquid crystal 
molecules 6 on the ridges of the protruding structure 30 can 
be inclined in a direction perpendicular to the ridges to form 
a first singular point in the middle of the protruding structure 

36 as viewed in the direction of the normal line of the substrate 
surface . 

Fig. 11 shows a protruding structure 37 formed by four 
protruding structures 31 made of a conductor in the form of 
a quadrangular pyramid as shown in Fig. 5 which are tightly 
concentrated. By disposing it such that the bottom of each 
quadrangular pyramid is located on the surface of at least either 
the lower substrate 20 or upper substrate 22, liquid crystal 
molecules 6 on the ridges of the protruding structure 31 can 
be inclined in a direction in parallel with the ridges to form 
a first singular point in the middle of the protruding structure 

37 as viewed in the direction of the normal line of the substrate 
surface. 

Fig. 12 shows a state in which a linear protrusion 38 
made of an insulator is formed on either the lower substrate 
20 or upper substrate 22, e.g., on the lower substrate 20 and 
in which a linear protrusion 39 made of a conductor is formed 
on the upper substrate 22 perpendicularly to the linear 
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protrusion 38 as viewed in the direction of the normal line 
of the substrate surface. As a result, a first singular point 
is formed at the intersection of the linear protrusions 38 and 
39 as viewed in the direction of the normal line of the substrate 
surface, and liquid crystal molecules 6 are aligned such that 
they converge from the side of the upper substrate 22 toward 
the lower substrate 20. 

Figs. 13 through 19 are schematic illustrations of 
examples of control elements for forming a second singular point 
(s = -1) in the case of four separate alignments, as viewed 
in the direction of the normal line of the surface of a substrate . 
Fig. 13 shows a protruding structure 40 as an element for 
controlling the position of a second singular point. The 
protruding structure 40 is in the form of a linear protrusion 
which has a discontinuation in the middle thereof and is provided 
on at least either the lower substrate 20 or upper substrate 
22. While the protruding structure 40 is formed from an 
insulator, the protruding structure 40 may be formed from a 
conductor instead of being limited to insulators. Further, 
it is possible to use the protruding structure 40 itself as 
an electrode. A second singular point is formed in the middle 
of the protruding structure 40 as viewed in the direction of 
the normal line of the substrate surface and, when the protruding 
structure 40 is a conductor or electrode, liquid crystal 
molecules 6 are aligned in the direction opposite to that in 
the case of an insulator. 

Instead of a protruding structure as an element for 
controlling the position of a singular point. Fig. 14 shows 
a non- electrode region 41 which is formed by two slits arranged 
in a row with ends thereof facing each other in the surface 
of at least either of the electrodes 16 and 18 provided on the 
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lower substrate 20 and upper substrate 22, A second singular 
point is formed in the middle of the non- electrode region 41 
as viewed in the direction of the normal line of the substrate 
surface. 

As an element for controlling the position of a singular 
point. Fig. 15 shows two non-electrode regions 42a and 42b formed 
in positions on a diagonal line of a square in the surface of 
at least either of the electrodes 16 and 18 provided on the 
lower substrate 20 and upper substrate 22. Each of the 
non-electrode regions 42a and 42b has a square configuration. 
A second singular point is formed in the middle of a straight 
line which connects the non-electrode regions 42a and 42b as 
viewed in the direction of the normal line of the substrate 
surface. 

Fig. 16 shows a state in which a linear protrusion 43 
made of an insulator is formed on either the lower substrate 
20 or upper substrate 22, e.g., on the lower substrate 20 and 
in which a linear protrusion 44 made of a conductor is formed 
on the upper substrate 22 perpendicularly to the linear 
protrusion 43 as viewed in the direction of the normal line 
of the substrate surface. As a result, a second singular point 
is formed at the intersection of the linear protrusions 43 and 
44 as viewed in the direction of the normal line of the substrate 
surface. The linear protrusions 43 and 4 4 may be formed from 
a conductor instead of an insulator. The electrode on the 
substrate may alternatively be patterned to be used as the linear 
protrusions 43 and 44. A second singular point is formed in 
the middle of the cross formed by the linear protrusions 43 
and 44 as viewed in the direction of the normal line of the 
substrate surface and, when the protrusions 43 and 44 are 
conductors or electrodes , liquid crystal molecules 6 are aligned 
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in the direction opposite to the direction in the case of an 
insulator (the directions are substantially symmetric about 
the normal line of the substrate surface that pass through the 
center of the liquid crystal molecules). 

Fig. 17 shows a state in which a non -electrode region 

45 in the form of a slit is formed on the electrode 16 provided 
on either the lower substrate 20 or upper substrate 22, e.g., 
on the lower substrate 20 and in which a non -electrode region 

46 in the form of a slit is formed on the electrode 18 on the 
upper substrate 22 perpendicularly to the non-electrode region 
45 as viewed in the direction of the normal line of the substrate 
surface. As a result, a second singular point is formed at 
the intersection of the non-electrode regions 45 and 46 as viewed 
in the direction of the normal line of the substrate surface. 

Fig. 18 shows a state in which two protruding structures 
30 made of an insulator in the form of a quadrangular pyramid 
as shown in Fig. 4 are arranged side by side on, for example, 
the lower substrate 20 in the direction of a diagonal line of 
the bottom of the quadrangular pyramid to form protruding 
structures SOL and in which protruding structures 30U that are 
a similar arrangement are formed on the upper sub substrate 
22. The protruding structures 30L and 30U form square outline 
which is densely populated, as viewed in the direction of the 
normal line of the substrate surface. As a result, liquid 
crystal molecules 6 on the ridges of the protruding structures 
30L are inclined in a direction perpendicular to the ridges, 
and liquid crystal molecules 6 on the ridges of the protruding 
structure 30U are inclined in a direction in parallel with the 
ridges. This makes it possible to form a second singular point 
in the middle of the square formed by the protruding structures 
30L and 30U as viewed in the direction of the normal line of 
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the substrate surface. A second singular point can be formed 
in the middle of a square that is formed by protruding structures 
31 made of a conductor instead of the protruding structures 
30 made of an insulator. 

Fig. 19 shows a state in which a non-electrode region 
47 in the form of a slit is formed on the electrode 16 or 18 
on either the lower substrate 20 or upper substrate 22, e.g. , 
on the electrode 16 on the lower substrate 20 and in which a 
linear protrusion 48 made of an insulator is formed on the upper 
substrate 22 perpendicularly to the non-electrode region 47 
as viewed in the direction of the normal line of the substrate 
surface. As a result, a second singular point is formed at 
the intersection between the non-electrode region 47 and linear 
protrusion 48 as viewed in the direction of the normal line 
of the substrate surface. 

The elements for controlling the positions of singular 
points described above with reference to Figs. 4 through 19 
are merely examples, and those elements may be combined in 
various ways to control singular points. The alignment of 
liquid crystal molecules can be controlled with stability by 
forming singular points in predetermined positions using those 
elements . 

There are a wide variety of singular points. Fig. 20A 
shows examples of alignment of liquid crystal molecules in the 
vicinity of a first singular point (s = +1). (a) in Fig. 20A 
means that s = +1 andcf) ( an azimuth angle defined by a predetermined 
axis and an alignment vector) =0; (b) in Fig. 2 OA means that 
s = +1 and (|) = Jt/4; and (c) in Fig. 20A represents the state 
of alignment of liquid crystal molecules when s = +1 and (j) = 
jr/2. The shape of dark lines changes with the value of (j). 

Fig. 20B shows examples of alignment of liquid crystal 
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molecules in the vicinity of a second singular point (s = -1) . 
(a) in Fig. 20B means that s = -1 and (j) = 0; (b) in Fig, 20B 
means that s = -1 and ^ = Ji/4; and (c) in Fig. 20B represents 
the state of alignment of liquid crystal molecules when s = 

-1 and <t) = jt/2 . 

Vfhile the above description has referred to singular 

points that are represented by s = +1 and <t)=Oors = -l and 
(|) = 0, the present mode for carrying out the invention can 
obviously be applied to singular points indicated by (b) and 
(c) in Figs. 20A and 20B. According to the present mode for 
carrying out the invention, in the case of a liquid crystal 
display whose cell gap is 4 jim, for example , the distance between 
a first singular point and a second singular point can be 
controlled within a range from about a few jrni to 100 [xm in practical 
use . 

The above -described mode for carrying out the invention 
makes it possible to achieve a speed that is about twice the 
speed achievable in the prior art for each display tone. When 
priority is to be put on response characteristics, a response 
time (Ton + Toff) of 41 ms can be achieved even for a tone for 
which the response becomes slowest, which makes it possible 
to provide a liquid crystal display that exhibits excellent 
in response characteristics in addition to the viewing angle 
and front contrast characteristics. 

A more detailed description will now be made with 
reference to preferred embodiments of the invention. 

[ Embodiment 1 ] 

Fig. 21 is a schematic view of a part of a liquid crystal 
display of the present embodiment as viewed in the direction 
of the normal line of the surface of a substrate thereof. 
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Referring to a singular point control portion in the present 
embodiment, protruding structures 34 made of an insulator as 
shown in Fig . 8 are used as elements for controlling the positions 
of first singular points, and linear protrusions 43 and 44 made 
of an insulator as shown in Fig. 16 are used as elements for 
controlling the positions of second singular points. As 
combinations of those elements for controlling the positions 
of singular points , structures 50 in the form of a grid of crosses 
are formed on a lower substrate 20, and structures 52 in the 
form of a grid of crosses having the same pitch as that of the 
grid pitch of the structure 50 are formed on an upper substrate 
22 with an offset from the grid pitch of the structures 50 that 
is equivalent to one half of the grid pitch of the structures 
50. Since such singular point control portions are formed on 
the upper and lower substrates, liquid crystal molecules 6 of 
liquid crystals sealed between the substrates 20 and 22 are 
aligned as shown in Fig. 21 when a voltage is applied thereto. 
This is based on an action similar to that of the singular point 
control portions in the present mode for carrying out the 
invention described with reference to Figs. 2 through 3C. 

In the present embodiment , only one dark line is generated 
in grid- shaped structures 50 and 52 that constitute singular 
point control portions. This makes it possible not only to 
achieve a quite stable and preferable state of alignment compared 
to that in conventional MVA LCDs but also to prevent any reduction 
in transmittance even when the response characteristics of 
liquid crystals are improved because the grid pitch is reduced 
to provide the structures with a density higher than that of 
conventional linear protrusions for regulating alignment. 

In this structure, a first singular point and a second 
singular point is connected by a pattern of an insulator along 
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a line connecting those points, protrusions of the insulator 
at connecting portions generate distortion of the distribution 
of electric fields in the vicinity thereof, which makes it 
possible to preferably regulate the alignment of a disclination 
line which appears as a dark line. 

Fig. 22 shows the relationship between the height of the 
grid- shaped structures 50 and 52 used in the present embodiment 

and the transmittance of white. The height {\xm) of the 
protrusions is plotted along the axis of abscissa, and the 
transmittance of white ( % ) is plotted along the axis of ordinate . 
The curve A in Fig. 22 indicates changes in the transmittance 
of white of a liquid crystal display in which the length of 
the gaps between the grid- shaped structures 50 and 52 (or the 
length of one half of the pitch thereof) provided between the 
lower substrate 20 and upper substrate 22 is 20 jim, the changes 
occurring as results of changes in the height of the protrusions 
50 and 52 is varied from 0.6 [xm to 1.6 jim. The curve B indicates 
changes in the transmittance of white when the length of the 
gaps is 10 ^m. The curve C indicates changes in the transmittance 
of white of a display as a comparative example that is equivalent 
to the conventional MVA LCD shown in Fig. 44 in which the length 
of gaps between linear protrusions is 2 5 ^m, the changes 
occurring as results of changes in the height of the linear 

protrusions from 1.1 ^m to 2.3 ina. 

As indicated by the curve C, the conventional MVA LCD 
has a maximum transmittance when the protrusion height is 1.9 
fim. In the conventional MVA LCD, the angle of inclination of 
liquid crystals in the vicinity of the protrusions must be kept 
small in order to align liquid crystals in directions different 
from each other by 180 deg. which are symmetric about the 
protrusions and, therefore, the height of the protrusions can 
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not be so small. 

On the contrary, in the case of the liquid crystal display 
in the present embodiment, the transmittance of white is the 

maximum when the height of the protrusions is about 1.0 ^un 
regardless of the area occupied by the opening as indicated 
by the curves A and B, and the transmittance of white conversely 
becomes low as the protrusion height increases. The reason 
is that the control of the alignment of liquid crystals in the 
liquid crystal display in the present mode for carrying out 
the invention is carried out using a multiplicity of singular 
points formed in predetermined positions instead of the inclined 
surfaces of the grid-shaped structures 50 and 52. While liquid 
crystals in the vicinity of the middle of the protrusions must 
be sufficiently inclined through the application of a voltage 
in order to form singular points with stability, a sufficient 
angle of inclination can not be achieved when the protrusion 
height is too large. Therefore, as indicated by the present 
embodiment, the protrusions of the singular point control 
portions are only required to have a height at which singular 
points can be formed with stability and which may be much smaller 
than that of linear protrusions of conventional MVA LCDs. 

Fig. 23 shows T-V characteristics of the liquid crystal 
display of the present embodiment . InFig. 23, applied voltages 
(V) are plotted along the axis of abscissa, and transmittance 
(%) is plotted along the axis of ordinate. The cell thickness 

of the liquid crystal display in Fig. 23 is 3.8 jxm. JALS-684 
(manufactured by JSR) is used for the vertical alignment films, 
and MJ961213 (manufactured by Merck) are used as the liquid 
crystal material. The material used to form the grid-shaped 
structures 50 and 52 of the liquid crystal display of the present 
embodiment is LC200 (photoresist manufactured by Shipley Far 
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East Corp. ) . The protruding height of the grid- shaped 
structures 50 and 52 is 1.1 ^un. The height of the protrusions 
of the conventional MVA LCD shown for comparison is 1.6 pm. 

In Fig. 23, the curves A, B and C indicate the liquid 
crystal display of the present embodiment. The curve A 
indicates a case in which the length of the gaps between the 
grid-shaped structures 50 and 52 is 30 nmD {= 30 fjtm x 30 \im) , 
The curve B indicates a case in which the length of the gaps 
between the grid-shaped structures 50 and 52 is 20 [xmD . The 
curve C indicates a case in which the length of the gaps between 

the grid-shaped structures 50 and 52 is 10 ^iinD . 

The curves D and E indicate a conventional MVA LCD. 
The curve D indicates a case in which linear protrusions are 
provided on upper and lower substrates and in which the length 

of the gaps between the protrusions is 2 5 [jin. The curve E 
indicates a case in which slits and linear protrusions are 
respectively provided on an lower substrate and an upper 

substrate and in which the length of the gaps is 25 nm. 

The liquid crystal display having a gap length of 20 

(junD indicated by the curve B in Fig . 23 can achieve transmit tance 
similar to that of the conventional MVA LCD having a gap length 
of 25 [xia indicated by the curves D and E. As indicated by the 
curve A in Fig. 23 , transmittance of 26 % or more can be achieved 
when the gap length is expanded to 40 jimD . That is , it is possible 
to achieve transmittance that is 1.3 times that of the 
conventional MVA LCD. Therefore, when it is not essential to 
increase response time by increasing the density of the 
structures, the liquid crystal display in the present mode for 
carrying out the invention can achieve transmittance higher 
than that of the conventional MVA LCD. 

As indicated by the curve C in Fig. 23, transmittance 
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of 15 % or more can be achieved even with a gap length of 10 
HitiD . In this case, transmittance similar to that of the prior 
art can be achieved in spite of the fact that the density of 
the cross -grid structures 50 and 52 is about twice that of the 
conventional linear protrusions. This is considered to be an 
effect resulting from the fact that only one dark line 
(disclination line) is formed at the boundary of alignment 
separating regions, and it is apparent that the singular point 
control portions in the present mode for carrying out the 
invention are advantageous in increasing the density of the 
structures . 

Fig. 24 shows response characteristics of the liquid 
crystal display of the present embodiment. Transmittance (%) 
is plotted along the axis of abscissa, and response time (Ton 
+ Toff (ms) ) is plotted along the axis of ordinate. The display 
operates in the normally black mode and provides transmittance 
of 0 % and 100 % when the applied voltage is 0 V and 5 V, 
respectively . 

The curve A indicates a liquid crystal display according 
to the present embodiment in which the length of the gaps between 
the grid-shaped structures 50 and 52 is 10 jimD . The curve B 
indicates a conventional MVA LCD in which slits and linear 
protrusions are respectively provided on lower and upper 
substrates and in which the gap length is 25 jxm. The curve 
C indicates a conventional LCD in which a rubbing process is 
provided on vertical alignment films. 

As indicated by the curve A, the liquid crystal display 
having the grid- shaped structures 50 and 52 in a high density 
has halftone response time of 60 ms when transmittance is changed 
from 0 % to 25 % and then to 0 % , which means an improvement 
of 33 % from the conventional MVA LCD indicated by the curve 
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B. 

As indicated by the present embodiment, in a liquid 
crystal display in the present mode for carrying out the 
invention, response characteristics can be improved while 
avoiding any reduction of transmittance unlike the prior art. 
Further, transmittance can be improved with response 
characteristics kept similar to those in the prior art. 

Further, as an additional feature, there is an advantage 
in that layout designing is very much facilitated when fine 
display regions are to be provided because the structures as 
shown in Fig. 21 are not required to be provided at an angle 
to the pixels and in that irregularities of alignment around 
pixels are less likely to occur compared to the prior art . Since 
the polarizing axes of the polarizers are in parallel with or 
orthogonal to the grid of grid- shaped structures, there is 
another advantage in that leakage of light from the inclined 
surfaces of the structures can be reduced in the state of black 
display. 

[ Embodiment 2 ] 

Fig. 25 shows a structure of a liquid crystal display 
according to the present embodiment. Fig. 25 shows a section 
taken in a direction perpendicular to the substrate surface. 
It has a structure similar to that of Embodiment 1 shown in 
Fig. 21 when viewed in the direction of the substrate surface. 
Referring to singular point control portions in the present 
embodiment, protruding structures 34 as shown in Fig. 8 are 
used as elements for controlling the positions of first singular 
points, and linear protrusions 43 and 44 as shown in Fig. 16 
are used as elements for controlling the positions of second 
singular points. As combinations of those elements for 
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controlling the positions of singular points, structures 50 
made of a conductor in the form of a cross -grid are formed on 
a lower substrate 20, and a cross-grid 52 made of a conductor 
having the same pitch as that of the grid pitch of the structures 
50 is provided on an upper substrate 22 at an offset of one 
half of the grid pitch of the structures 50. For example, the 
structures 50 and 52 made of a conductor are formed by forming 
the structures using photoresist and by depositing ITO 
transparent electrodes on the surface of the structures 
thereafter. 

Planarized layers 54 made of an insulator are formed in 
the gaps of the grid of the structures 50, and planarized layers 
56 made of an insulator are formed in the gaps of the grid of 
the structure 52, This makes it possible to provide a slight 
difference between threshold voltages at the top of the 
structures 50 and 52 and the gaps in the structures 50 and 52. 
By applying a voltage at a predetermined value or less, a state 
can be achieved in which liquid crystal molecules 6 around the 
structures 50 and 52 are inclined and liquid crystal molecules 
6 in the gaps are kept aligned vertically. That is , by applying 
a voltage equal to or less than the threshold voltage at the 
gaps in advance, liquid crystal alignment around the structures 
50 and 52 can be biased in advance to form a singular point. 

Fig. 26 shows response characteristics when the bias 
voltage is applied. Transmittance Y (%) is plotted along the 
axis of abscissa, and response time (ms) is plotted along the 
axis of ordinate. The display operates in the normally black 
mode and provides transmittance of 0 % and 100 % when the applied 
voltage is 4 V and 15 V, respectively. The structures 50 and 
52 have a gap length of 10 jimD and a height of 1.3 jxm. The 
thickness of the planarized layers 54 and 56 in the gaps is 
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about 1 \xm. The liquid crystals MJ98126 are used, and the 
material of the vertical alignment layers is JALS-684 . Spacers 
for achieving a predetermined cell gap have a diameter of 3 . 0 
^m. 

The curve A indicates Toff response time. The curve B 
indicates Ton response time. The curve C indicates response 
time Ton + Toff. As shown in Fig. 26, excellent response 
characteristics are achieved in that halftone response time 
(Ton + Toff) is 2 5 ms when transmit tance is changed from 0 % 
to 25 % (Ton) then from 25 % to 0 % (Toff). 

[ Embodiment 3 ] 

Fig. 27 shows a liquid crystal display according to the 
present embodiment. Fig. 27 shows a state of the same as viewed 
in the direction of the normal line of the surface of a substrate . 
A cross -grid structure 50 made of a conductor which is similar 
to that in Embodiment 1 shown in Fig. 21 is formed on a lower 
substrate 20 as a singular point control portion. On an upper 
substrate 22, an alignment regulating member 58 is provided 
along an imaginary straight line connecting adjacent singular 
points, which is a feature in the form of a cross grid at an 
angle of 45 deg. to the grid of the structure 50. 

As a result, when liquid crystal molecules 6 are aligned 
separately by means of control over singular points at the time 
of application of a voltage, the alignment regulating member 
58 controls the alignment of liquid crystals such that the 
direction of longitudinal axes of liquid crystal molecules in 
liquid crystal domains adjacent to each other located on both 
sides of the alignment regulating member 58 are substantially 
at 90 deg . to the imaginary straight line . The alignment control 
achieved by the alignment control member is similar to the 
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alignment control in the conventional MVA LCD shown in Fig. 
44 . It is thus possible to use a singular point control portion 
in the present mode for carrying out the invention in combination 
with a conventional alignment control member* 

[Second Mode for Carrying out the Invention] 

A liquid crystal display in a second mode for carrying 
out the invention will now be described with reference to Figs . 
28 through 41 , In the drawings used for explaining the present 
mode for carrying out the invention, components having the same 
functions as those of the components described with reference 
to drawings as the first mode for carrying out the invention 
and the prior art will be indicated by like reference numerals 
and will not be described. 

Fig. 28 is a graph for explaining an after-image 
phenomenon that occurs in a conventional MVA LCD. Time (ms) 
is plotted along the axis of abscissa, and transmittance is 
plotted along the axis of ordinate. Changes in transmittance 
with time are shown where black is displayed from 0 to 1000 
ms ; white is displayed from 1000 to 2000 ms ; and black is displayed 
from 2000 ms and later. As shown in Fig. 28, the conventional 
MVA LCD has an after-image phenomenon in which white becomes 
temporarily brighter at the time of a change from black and 
white in the normally black mode. Otherwise, a display defect 
occurs in that an after-image is generated because a liquid 
crystal domain is formed in different states when white is 
displayed after a change from black to white and when white 
is displayed after a change from a halftone to white. 

Such an after-image phenomenon will now be described by 
referring to Fig. 44 again. The positions of singular points 
on the linear protrusions 126 through 130 for regulating 
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alignment shown in Fig. 44 move on the linear protrusions 126 
through 130 in depending on any changes in the distortion as 
a result of the application of a voltage. The movement of the 
singular points is visually recognized as an after-image because 
it causes a change in the direction of domain control. 

In order to mitigate this problem, Japanese patent 
application No. Hll-229249 introduced in the section of the 
first mode for carrying out the invention proposes to provide 
a singular point forming portion 150 for fixing a point at which 
the direction of alignment of the liquid crystal molecules 6 
is discontinuous to a linear protrusion (or slit) 126 for 
alignment control provided on a pixel electrode in a display 
region (e.g. , the electrode 122 provided on the lower substrate 
118) or a singular point in an alignment vector field, as shown 
in Figs . 29A through 29C . Fig . 29A shows a state in the vicinity 
of the singular point forming portion 150 as viewed in the 
direction of the normal line of the substrate surface. A 
singular point is fixedly formed on the singular point forming 
portion 150, and two dark lines 140 and 142 are formed on both 
sides of the linear protrusion 126. Fig. 29B shows a state 
of alignment of the liquid crystal molecules 6 in the vicinity 
of the singular point forming portion 150 as viewed in the 
direction of the normal line of the substrate surface. Fig. 
29C shows a section taken in the direction perpendicular to 
the substrate surface, and the singular point forming portion 
150 in the present example is provided in a predetermined 
position on the upper substrate 116 in a face-to-face 
relationship with the linear protrusion 126 provided on the 
lower substrate 118. 

The inventors closely investigated the alignment of 
liquid crystals in an MVA type TFT LCD and found that singular 
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points of an alignment vector field are formed around the pixel 
electrodes. Figs. 30 and 31 show the results of observation. 

Fig. 30 is a view of one pixel region and the neighborhood 
thereof taken on the MVA type TFT LCD shown in Figs . 29A through 
29C as viewed from the side of the upper substrate 116. A 
plurality of gate bus lines 154 to which a scan signal for 
selecting a display pixel to be driven is sequentially input 
are formed in parallel with each other on the lower substrate 
118* An insulation film (not shown) is formed on the plurality 
of gate bus lines 154, and a plurality of data bus lines 152 
are formed on the insulation film substantially orthogonally 
to the gate bus lines 154. Each of regions defined in the form 
of a matrix by the plurality of gate bus lines 154 and data 
bus lines 152 orthogonal to each other serves as a pixel region, 
and a TFT 158 and a pixel electrode 122 are formed in each pixel 
region. The gate electrode of a TFT 158 is connected to a 
predetermined gate bus line 154 ; the drain electrode is connected 
to a predetermined data bus line 152; and the source electrode 
is connected to the pixel electrode 122. A storage capacitor 
line 156 is formed in parallel with the gate bus line 154 such 
that it extends in the lateral direction of the figure under 
the pixel electrode 122 in the middle thereof. 

The pixel electrode 122 is formed with non-electrode 
regions 126 in the form of slits. The non-electrode regions 
126 are provided in a pattern in which they are aligned in a 
direction at an angle of 45 deg. to the gate bus lines 154 and 
data bus lines 152. The pixel electrode 122 is divided by the 
non-electrode regions 126 into a plurality of separate electrode 
regions. Conduction between the plurality of separate 
electrode regions is maintained by thin connection electrodes 
formed on the non-electrode regions 126. 
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While a black matrix as a shading film and a color filter 
are normally formed on the upper substrate 116, it is omitted 
in Fig. 30, On an opposite electrode 120 formed on the upper 
substrate 116, linear protrusions 130 are formed which are 
aligned in a direction at 4 5 deg. to the gate bus line 154 and 
data bus line 152 similarly to the pattern of the non-electrode 
regions 126 on the lower substrate 118. The linear protrusions 
130 are provided at the same pitch as that of the non-electrode 
regions 126 and are provided at an offset that is equal to one 
half of the pitch relative to the non-electrode regions 126. 

By applying a voltage for driving the TFT 158 to the data 
bus lines 152 and gate bus lines 154 , a voltage is applied between 
the pixel electrode 122 and opposite electrode 120. At this 
time, diagonal electric fields generated in the vicinity of 
the non-electrode regions 126 and linear protrusions 130 
regulate the alignment of liquid crystal molecules 6 in 
predetermined directions to separate the pixel electrode 122 
into four alignment regions A, B, CandD. First singular points 
formed at this time are indicated by dots # in the figure, and 
second singular points are indicated by circles O. Two dark 
lines 140 and 142 generated on both sides of alignment regulating 
members {non-electrode regions 126 and linear protrusions 130) 
as described with reference to Fig. 44 are also shown. The 
two dark lines 140 and 142 are regions of the liquid crystal 
molecules 6 in directions of alignment that substantially 
coincide with the directions of the polarizing axes of the 
polarizers shown in the figure (the lateral and vertical 
directions of the figure) . 

Fig. 31 is a version of Fig. 30 in which the substrate 
structure is omitted to show only the first and second singular 
points, the aligned liquid crystal molecules 6 and the two dark 
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lines 140 and 142. 

It is apparent from Figs, 30 and 31 that singular points 
in an alignment vector field are formed not only in the pixel 
electrode 122 but also around the pixel electrode 122. The 
singular points formed around the pixel electrode 122 are 
connected to the singular points inside the pixel region 122 
by the dark lines 140 and 142. A dark line extending from a 
first (or second) singular point is connected to a second (or 
first) singular point. 

A close study into singular points around the pixel 
electrode 122 has revealed the fact that they are not always 
formed in completely the same positions and that singular points 
are formed in positions which are slightly different at each 
response to change black to white or formed in positions which 
move as time passes after a response. 

As described above , the singular points around and inside 
the pixel electrode 122 are connected to each other by the dark 
lines 140 and 142. Therefore, such changes in the singular 
points around the pixel electrode 122 can affect the direction 
of alignment of the liquid crystals inside the pixel electrode 
122, in particular, in the vicinity of the edges of the pixel 
electrode 122. This results in the occurrence of a display 
defect similar to an after-image attributable to changes in 
singular points on the pixel electrode 122. 

The inventors then studied causes of changes in singular 
points with a primary attention to the alignment of the liquid 
crystals around the pixel electrode 122 . Distortion of electric 
fields occurs between the edges of the pixel electrode 122 and 
the opposite electrode 120 and between the bus lines 152 and 
154 and the opposite electrode 120, and such distortion of 
electric fields regulates the direction of alignment of the 
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liquid crystal molecules 6 . 

Figs. 32A and 32B are illustrations of distortion of 
electric fields at the edges of the pixel electrode 122. Fig. 
32A shows a state of the pixel electrode 122 as viewed from 
the side of the upper substrate 116, and Fig. 32B shows a section 
taken along line A-A in Fig. 32A. Distortion of an electric 
field at an edge 160 of the pixel electrode 122 directs the 
liquid crystal molecules 6 toward the inside of the pixel 
electrode 122 according to an electric line of force a indicated 
by a broken line in Fig. 32B. 

Figs. 33A and 33B are illustrations of distortion of 
electric fields at edges of the bus lines 152 and 154. Fig. 
33A shows a state of the bus lines 152 and 154 as viewed from 
the side of the upper substrate 116, and Fig. 33B shows a section 
taken along line A-A in Fig. 33A. As shown in Figs. 33A and 
33B, distortion of an electric field at edges 162 of the bus 
lines 152 and 154 directs the liquid crystal molecules 6 toward 
the inside of the bus lines 152 and 154. 

Fig. 34 shows a state of alignment of the liquid crystal 
molecules in the vicinity of the bus lines 152 and 154 between 
adjoining pixel electrodes 122 . As shown in Fig. 34, the liquid 
crystal molecules 6 between edges 160 of the pixel electrodes 
122 and aligned in a direction that is 180 deg. deferent from 
the direction of alignment between edges 162 of the bus lines 
152 and 154 . Since the state of alignment of the liquid crystals 
continuously changes from the sate at the edges 160 of the pixel 
electrodes 122 to the state at the edges of 162 of the bus lines 
152 and 154, some liquid crystal molecules 6' are aligned in 
a direction 90 deg, different from the direction of alignment 
at the edges 162 of the bus lines 152 and 154 and the edges 
160 of the pixel electrodes 122 in the transition of alignment. 
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However, no particular means is provided for limiting the 
direction of alignment of such liquid crystal molecules 6 ' to 
either of upward and downward directions in Fig. 34. 

Further, some liquid crystal molecules 6" on the bus lines 
152 and 154 in the middle thereof are aligned in a direction 
90 deg. different from the direction of alignment at the edges 
162 of the bus lines 152 and 154. While the liquid crystal 
molecules 6" in the middle of the bus lines 152 and 154 are 
aligned in parallel with the extending direction of the bus 
lines 152 and 154, no particular means is provided for limiting 
the direction of alignment to either of upward and downward 
directions in Fig. 34. 

As thus described, the liquid crystal molecules 6 around 
the pixel electrodes 122 are temporarily aligned at random upward 
or downward directions when the voltage is applied and are 
thereafter settled in an ultimate direction of alignment under 
external influences such as the alignment of liquid crystals 
in the pixel electrodes 122 to consequently form singular points 
as shown in Fig. 30. That is, since there is no means for 
definitely fixing the position of formation of singular points 
around the pixel electrodes 122, it takes time for the liquid 
crystal domain around the pixel electrodes 122 to settle in 
an ultimate direction of alignment, which results in a display 
defect in the form of an after-image. It is an object of the 
present mode for carrying out the invention to achieve stable 
alignment of an MVA-type TFT LCD and to mitigate any display 
defect . 

A description will now be made with reference to Fig. 
35 on a principle for achieving stable alignment in a liquid 
crystal display in the present mode for carrying out the 
invention. Fig. 35 shows a state in which singular points formed 
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around the pixel electrodes 122 are fixed in regions between 
the edges 160 of the pixel electrodes 122 and the edges of the 
bus lines 152 and 154 and regions on the bus lines 152 and 154. 
In the figure, first singular points are indicated by dots 
and second singular points are indicated by circles O- By 
fixing the positions of singular points as shown in Fig. 35, 
the positions of singular points formed around the pixel 
electrodes 122 will not vary each time a voltage is applied 
for display response or as time passes , it is possible to improve 
display quality by controlling the alignment of liquid crystal 
molecules with stability. 

The result of observation of the state of a substrate 
shown in Fig. 30 indicates that first singular points and second 
singular points are alternately aligned in the alignment of 
liquid crystals. Therefore, by providing the singular point 
forming portions such that first singular points and second 
singular points are alternately formed on the substrate as shown 
in Fig. 35, the singular points formed can be controlled such 
that they are located in constant positions with stability. 

The result of observation of the state of a substrate 
shown in Fig. 30 is characterized by the fact that the first 
singular points are formed in regions where the structures or 
the non-electrode regions in the form of slits as singular point 
forming portions intersect with the edges of the pixel electrodes 
and that second singular points are formed in regions where 
the structures or non-electrode regions in the form of slits 
provided on one of the substrates intersect with the edges of 
the pixel electrodes on the other substrate. Therefore, when 
the singular point forming portions are provided in accordance 
with such a characteristic, singular points formed thereby can 
be controlled in constant positions with stability. 
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A more specific description will now be made with 
reference to preferred embodiments . 

[ Embodiment 1 ] 

Fig . 36 shows Embodiment 1 in the present mode for carrying 
out the invention. A singular point forming portion in the 
present embodiment has regions formed by locally changing the 
width of bus lines 152 and 154. As shown in Fig. 36, a narrow 
region 60 and a wide region 62 are formed adjacent to each other 
with a region having a normal width interposed therebetween. 
While the normal width of the bus lines is 10 nm, the narrow 
region 60 and wide region 62 are 5 \xm and 15 nm, respectively. 
The lengths of the narrow region 60 and wide region 62 in the 
extending direction of the bus lines 152 and 154 are both 10 
|xm. 

A vertical alignment film 2 is applied to a lower substrate 
118 on which the bus lines 152 and 154 formed with such narrow 
region 60 and wide region 62 of the singular point forming portion. 
The lower substrate is combined with an upper substrate 116 
having a vertical alignment film 4 similarly applied thereto. 
Then, liquid crystals are injected. As the vertical alignment 
films 2and4, JALS-684 (manufactured by JSR) is used and applied 
to the substrates 116 and 118 through a printing process. 
Thereafter, a heating process is carried out for about one hour 

at about 180 °C. MJ961213 (manufactured by Merck) is used as 
the liquid crystal material and are injected between the two 
substrates through a vacuum injection process. The cell gap 
is 4 (im. 

In the liquid crystal panel thus formed, when a voltage 
is applied, second singular points (s = -1) are formed in the 
narrow region 60, and first singular points (s = +1) are formed 
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in the wide region 62. This makes it possible to fix singular 
points formed on the bus lines 152 and 154 around the pixel 
electrode 122 in predetermined positions. It is therefore 
possible to eliminate phenomena that are related to display 
defects such as variations of the state of formation of singular 
points observed at the time of a response of conventional liquid 
crystal displays and fluctuations of singular points as time 
passes after a response. 

[ Embodiment 2 ] 

Embodiment 2 will now be described with reference to Figs . 
37A through 37E. Fig. 37A shows a state of the bus lines 152 
and 154 as viewed in the direction of the normal line of the 
substrate surface. Fig. 37B shows an example of a section taken 
along line A-A in Fig. 37A, and Fig. 37C shows another example 
of the same. Fig. 37D shows an example of a section taken along 
line B-B in Fig. 37A, and Fig. 37E shows another example of 
the same . 

The present embodiment is characterized in that there 
is provided structures or blank regions on the bus lines 152 
and 154 or on the opposite substrate directly above the bus 
lines 152 and 154 instead of the singular point forming portion 
described in Embodiment 1 in which the width of the bus lines 
isvaried. The bus line width is 10 nm. InFig. 37B, protruding 
structures 64 are formed on the bus lines 152 and 154 to form 
and fix second singular points. The width and length of the 
protruding structures 64 are both 5 and the height of the 

structures is 1.5 \xm. The material used for forming the 
protruding structures 64 is PC-335 (manufactured by JSR) , and 
the structures are selectively formed on the bus lines 152 and 
154 using a photolithographic process. 
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Referring to Fig. 37C, instead of the protruding 
structures 64, blank regions 68 are formed in the bus lines 
152 and 154 by removing the metal that makes up the bus lines 
152 and 154 to configure singular points forming portions for 
forming and fixing second singular points . The width and length 

of the blank regions 68 are both 5 ^un. 

Referring to Fig . 37D , protruding structures 68 are formed 
on the opposite electrode 116 directly above the bus lines 152 
and 154 to form and fix first singular points. The width and 
length of the protruding structures 68 are both 5 ^m, and the 
height of the structures is 1 . 5 fim . The material used for forming 
the protruding structures 68 is PC-335 (manufactured by JSR), 
and the structures are selectively formed on the opposite 
electrode 120 using a photolithographic process. 

Referring to Fig. 37E, instead of the protruding 
structures 68, non-electrode regions 70 where the material that 
makes up the opposite electrode 120 is not formed are formed 
in the opposite electrodes 120 to configure singular point 
forming portions. The width and length of the non-electrode 

regions 70 are both 5 lua. 

In the liquid crystal panel thus formed, when a voltage 
is applied, second singular points (s = -1) are formed at the 
protruding structures 64 or blank regions 68 , and first singular 
points (s = +1) are formed at the protruding structures 66 or 
non-electrode regions 70. This makes it possible to fix 
singular points formed on the bus lines 152 and 154 around the 
pixel electrode 122 in predetermined positions . It is therefore 
possible to eliminate phenomena that are related to display 
defects such as variations of the state of formation of singular 
points observed at the time of a response of conventional liquid 
crystal displays and fluctuations of singular points as time 
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passes after a response. 

[ Embodiment 3 ] 

Embodiment 3 will now be described with reference to Fig. 

38 . A singular point forming portion in the present embodiment 
is configured by arranging a narrow region 60 formed by reducing 
the width of bus lines 152 and 154 and a non-electrode region 
126 in the form of a slit formed at an edge 160 of a pixel electrode 
122 as shown in Fig. 30 and so on such that they are adjacent 
to each other as viewed in the direction of the normal line 
of the substrate surface. While the bus line width is normally 

10 |xm, the width of the narrow region 60 is 5 ^un, and the length 
of the narrow region 60 in the extending direction of the bus 

lines 152 and 154 is 10 |xm. 

Second singular points are formed on the bus lines 152 
and 154 similarly to Embodiment 1, and first singular points 
are formed in the regions between the bus lines 152 and 154 
and the edges 160 of the pixel electrodes 122 . Like Embodiments 
1 and 2, this also makes it possible to eliminate phenomena 
that are related to display defects such as variations of the 
state of formation of singular points observed at the time of 
a response of conventional liquid crystal displays and 
fluctuations of singular points as time passes after a response . 

[ Embodiment 4 ] 

Embodiment 4 will now be described with reference to Fig. 

39 . In a singular point forming portion according to the present 
embodiment, a wide region 62 formed by expanding the width of 
bus lines 152 and 154 and a linear protrusion 130 formed on 
an opposite electrode 120 on the opposite substrate 116 as shown 
in Fig. 30 and so on are provided such that they intersect with 
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each other as viewed in the direction of the normal line of 
the substrate surface. While the bus line width is normally 

10 Jim, the width of the wide region 62 is 15 jm, and the length 
of the wide region 60 in the extending direction of the bus 

lines 152 and 154 is 10 [xm. 

First singular points are formed on the bus lines 152 
and 154 similarly to Embodiment 1, and second singular points 
are formed in the regions between the bus lines 152 and 154 
and the edges 160 of the pixel electrodes 122 . Like Embodiments 
1 through 3, this also makes it possible to eliminate phenomena 
that are related to display defects such as variations of the 
state of formation of singular points observed at the time of 
a response of conventional liquid crystal displays and 
fluctuations of singular points as time passes after a response . 

[ Embodiment 5 ] 

Embodiment 5 will now be described with reference to Fig. 
40. Fig. 40 shows an example in which singular points forming 
portions in the present mode for carrying out the invention 
are used in a circuit configuration similar to that of the 
conventional MVA-type TFT LCD shown in Fig. 30. Specifically, 
singular point forming portions as described with reference 
to Fig. 38 are provided at intersections between non-electrode 
regions 126 in the vicinity of edges 160 of pixel electrodes 
122 and bus lines 152 and 154 to form first singular points 
(indicated by dots # in the figure) fixedly and to form second 
singular points (indicated by circles O) on the bus lines 152 
and 154 fixedly. 

Further, singular point forming portions as described 
with reference to Fig. 39 are formed at intersections between 
the bus lines 152 and 154 and linear protrusions 130 formed 
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on the opposite substrate to form second singular points in 
regions between the edges 160 and the bus lines 152 and 154 
fixedly and to foorm first singular point on the bus lines 152 
and 154 fixedly. 

As a result, first and second singular points are 
alternately and fixedly formed around the pixel electrodes 122 
and, therefore, the positions of singular points around the 
pixel electrodes 122 can be controlled with improved stability. 
In the present embodiment, an XGA (the number of pixels: 1024 
X 768) MVA-type TFT LCD having a display region of 15 inches 
in the diagonal direction was fabricated. The area of one pixel 
is 99 (nm) X 297 {ym) . 

[ Embodiment 6 ] 

Embodiment 6 will now be described with reference to Fig. 
41. The present embodiment is characterized in that singular 
point control portions used in the method for controlling 
separation of alignment in the first mode for carrying out the 
invention is used in combination. Fig. 41 shows one pixel region 
and the neighborhood thereof of an MVA-type TFT LCD according 
to the present embodiment as viewed from the side of an upper 
substrate 116. 

A plurality of gate bus lines 154 to which a scan signal 
for selecting a display pixel to be driven is sequentially input 
are formed in parallel with each other on the lower substrate 
118. An insulation film (not shown) is formed on the plurality 
of gate bus lines 154, and a plurality of data bus lines 152 
are formed on the insulation film substantially orthogonally 
to the gate bus lines 154. 

Each of regions defined in the form of a matrix by the 
plurality of gate bus lines 154 and data bus lines 152 orthogonal 
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to each other serves as a pixel region, and a TFT 158 and a 
pixel electrode 122 are formed in each pixel region. The gate 
electrode of a TFT 158 is connected to a predetermined gate 
bus line 154 ; the drain electrode is connected to a predetermined 
data bus line 152; and the source electrode is connected to 
the pixel electrode 122 . A storage capacitor line 156 is formed 
in parallel with the gate bus line 154 such that it extends 
in the lateral direction of the figure under the pixel electrode 
122 in the middle thereof. Above the storage capacitor line 
156, there is formed a storage capacitor electrode 164 which 
is connected to the pixel electrode 122 through an insulation 
film. 

The pixel electrode 122 is formed with four non-electrode 
regions 72 in the form of slits . The four non-electrode regions 
72 are formed in parallel with the gate bus lines 154, and two 
each of them are paired and arranged in a row such that they 
face each other at one end thereof with a predetermined gap 
therebetween. Two pairs of non-electrode regions 72 are 
disposed at equal intervals such that they separate the pixel 
electrode 122 into three equal parts in the vertical direction 
of the figure. That is, the two pairs of non- electrode regions 
72 have the same function as that of the elements for controlling 
the positions of singular points shown in Fig. 14, and second 
singular points are formed in the middle of a pair of the 
non-electrode regions 72 as viewed in the direction of the normal 
line of the substrate surface. 

Fig. 41 does not show a color filter and a black matrix 
formed on the upper substrate 116. A structure 74 in the form 
of a cross -grid made of an insulator is formed on an opposite 
electrode 120 formed on the upper substrate 116. The 
cross -shaped grid is provided in parallel with or 
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perpendicularly to the gate bus lines 154 and data bus lines 
152 . The structure 74 in the form of a cross-grid acts similarly 
to the element for controlling the positions of singular points 
shown in Fig. 8, and first singular points are formed in the 
middle of the crosses of the structure 74 as viewed in the 
direction of the normal line of the substrate surface. The 
structure 7 4 is provided such that it divides the pixel region 
122 into twelve substantially equal parts in combination with 
the non-electrode regions 72. 

When a voltage is applied between the pixel electrode 
122 and the opposite electrode 120, the alignment of liquid 
crystal molecules 6 is regulated in predetermined directions 
as a result of an action of diagonal electric fields that are 
generated in the vicinity of the non-electrode regions 72 and 
the structure 74 in the form of a cross-grid. As a result, 
separation of alignment occurs to divide the pixel region 122 
into four alignment regions A , B , C and D . First singular points 
formed at this time are indicated by dots # in the figure, and 
second singular points are indicated by circles O. 

Singular point forming portions as described with 
reference to Fig. 38 are provided at intersections between the 
non-electrode regions 72 and the bus lines 152 and 154 in the 
vicinity of edges 160 of the pixel electrodes 122 to form first 
singular points in regions between the edges 160 and the bus 
lines 152 and 154 fixedly and to form second singular points 
on the bus lines 152 and 154 fixedly. 

Singular point forming portions as described with 
reference to Fig. 39 are provided at intersections between the 
bus lines 152 and 154 and the structure 74 in the form of a 
cross -grid formed on the opposite substrate to form second 
singular points in regions between the edges 160 and the bus 
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lines 152 and 154 fixedly and to form first singular points 
on the bus lines 152 and 154 fixedly. 

Since this makes it possible to alternately and fixedly 
form first and second singular points inside and around the 
pixel electrodes 122, the positions of singular points around 
the pixel electrodes 122 can be controlled with improved 
stability. 

The present embodiment also results in only one dark line 
12 in each of the structure 74 in the form of a cross-grid and 
the non-electrode region 72 that constitute a singular point 
forming portion. This makes it possible not only to achieve 
a quite stable and preferable state of alignment compared to 
that of conventional MVA LCDs but also to prevent any reduction 
of transmittance even when response characteristics of liquid 
crystals are improved by reducing the grid pitch to increase 
the density of the structures beyond that of conventional linear 
protrusions for regulating alignment. Further, since the 
structure is not required to be disposed at an angle to the 
pixels, layout designing to achieve finer display regions is 
much facilitated. Since the polarizing axes of the polarizers 
are in parallel with or perpendicular to the grid of the 
grid- shaped structure as illustrated, there is another 
advantage in that leakage of light from the inclined surfaces 
of the structure can be avoided when black is displayed. 

As described above, the present mode for carrying out 
the invention makes it possible to make the alignment of liquid 
crystals in an MVA- type TFT LCD stable, thereby improving the 
display performance of the same. 

The present invention is not limited to the 
above -described modes of implementation, and various 
modifications of the invention are possible. 
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For example, while the above-described modes for carrying 
out the invention have referred to TFT LCDs as an example, the 
invention is not limited thereto and may be applied to LCDs 
that employ MIMs as a switching device, simple matrix type LCDs 
and plasma address type LCDs. Briefly, the invention can be 
applied to any display which display information as a result 
of application of voltage to a liquid crystal layer between 
electrodes opposite to each other. 

As described above, the present invention makes it 
possible to improve response characteristics of an MVA LCD while 
suppressing any reduction in transmittance . The present 
invention also makes it possible to provide an MVA LCD having 
improved transmittance . 



58 



